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America’s Permanent Lumber Supply—Durable Douglas Fir 


Douglas Fir Bridge Material 


the one remaining great supply of the country 

on which the bridge engineer may draw to fill 
his demands. Here, and only here, orders for large 
sizes, long lengths, or with sap restrictions of con- 
sternation to other lumber regions, are regarded as 
desirable. Realization of the possibilities offered has 
been of gradual but constant growth until we find 
Douglas fir stringers being shipped to every section of 
the country for use in railroad bridges and trestles. 


ie timber resources of the West Coast form 


Achievement of a position of supremacy, such as 
this, is only attained when there is a good basis of 
merit. So this wide-spread and increasing use of 
Douglas fir, contrasted to the relatively sectional and 
diminishing use of competing species, is a matter well 
worth the attention of the bridge engineer, for his 
is the responsibility of designing safe structures of 
lowest annual cost. 


Other publications of the Bureau set forth the gen- 
eral characteristics, the strength and the durability of 
Douglas fir. Summarizing briefly, this species con- 
sists of a wide range of type, and users should show 
the same discrimination in their specifications, pur- 
chases, inspection and use of the type of Douglas 
fir suitable for an intended use, as they do in dis- 
tinguishing between longleaf and shortleaf in 
using southern pine. No pine user, wanting close 
grained or “longleaf” type, would accept the rapid 


growth or “shortleaf” type in its place nor would he 
condemn the higher type because of casual experience 
with the lower. Using Douglas fir, unless familiar 
with its range, he has been apt to specify simply 
“Douglas fir,” secure a mixture of type, and then 
judge without knowing that the same discrimination 
should be used as in specifying in southern pine. It 
is for these reasons that the grades of Douglas fir are 
discussed in detail later in the article, the standard 
grades providing means of discrimination as used for 
other species. 

Bearing this range of type in mind, the working 
stresses adopted by the American Railway Engineer- 
ing Association (based on recommended working 
stresses of the Forest Products Laboratory of the 
United States Forest Service) are practically the same 
for Douglas fir and the southern pines of equivalent 
type and grade. The American Railway Engineer- 
ing Association standard designs for timber struc- 
tures are identical for the two species. 

The durability of Douglas fir is discussed in Tech- 
nical Bulletin No. 3 of the West Coast Lumbermen’s 
Association—Durability of West Coast Woods— 
and detail need not be given here, but only the state- 
ment that the United States Forest Service values, 
checked by field evidence, accord the same maximum 
life for dense Douglas fir and for long-leaf yellow 
pine, and a minimum life for all types of Douglas fir 
equal to the minimum value for long-leaf pine. 
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With these points in mind, information of interest 
to the bridge engineer is submitted in this article on 
the following subjects: ; 


A. Information on Grades and Strength. 


Grade-Strength Relationship. 
West Coast Grades. 
Special Grades. 
Special Clauses. 
Strength of Grades. 
a. Bending Stress Comparison. 
b. Effect of Exposure Conditions on Allow- 
able Stresses. 
Recommended Grades for Bridge Items. 
Grade Economy Discussion: 
. Specifications. 
Available Sizes. 
Notes on Life of Untreated Structures. 
. Douglas Fir and Preservative Treatment. 
1. General Information. 
2. Strength of Treated Douglas Fir. 
3. Stresses to be Used with Treated Douglas 
Fir. 
E. Working Stresses for Standard Grades of 
Douglas Fir. 
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Information on Grades and Strength 


GRADE-STRENGTH When grades have defects 
RELATIONSHIP definitely limited, there is a 
direct relationship between 
the strength and grade. Where defects are not 
directly limited except by some such clause as “free 
from defects which materially impair the strength, 
etc.,” or others equally indefinite, the proper working 
stress may vary for different pieces in a shipment by 
as much as 100% from the poorer pieces to the best. 
Clearly this is too much of a gamble for an engineer 
with the present day knowledge of timber technology 
at hand, although the lack of technical information 
made such indeterminate and indefinite clauses neces- 
sary in the early days of timber construction. 
Generally speaking, the factors of grade which 
affect the strength of timbers may be divided into two 
groups: (1) the defects lowering strength, and (2) 
the properties increasing strength. These groups may 


. be sub-divided so that we have: 


(1) Defects Lowering Strength: 
a. Knots. 
b. Shakes, Checks and Splits. 
c. Slope of Grain. 
(2) Properties Increasing Strength: 
a. Rate of Growth (Rings per inch). 
b. Density (Rings per inch plus summer- 
wood). 

Commercial grades in the past have usually failed 
to recognize these fundamentals except in a haphazard 
way. The Forest Products Laboratory of the United 
States Forest Service, recognized as the one authority 
of the country on the strength of timbers, refused to 
recommend stresses for grades without defects defin- 
itely limited. Pressed for recommendations, they 
drew up the requirements for four basic grades, ap- 
plicable to any species, and recommended working 
values for the different species. These basic grades 
are in effect a “scale of strength,” and commercial 


grades may be allocated on this scale by considering 
the poorest pieces found in the grade. 

The basic grades of the Forest Products Laboratory 
form the foundation for the Basic Provisions for 
Structural Grading, American Lumber Standards. 
The grades listed therein are: 

Dense Select Structural, requiring dense material; 

Select Structural, requiring close grained material, 
these two grades applying to Douglas fir and southern 
pine only; 

Select Structural, without rate of growth require- 
ment, applying to other species than Douglas fir and 
southern pine; and : 

Common Structural, applying to all species. 

Density and close grain are applicable only to Doug- 
las fir and southern pine. The Select Structural 
grade, basically, is a grade having 75 per cent of the 
strength of clear wood, and the Common Structural 
grade, one having 60 per cent of the strength of clear 
wood. In Douglas fir and southern pine, material of 
close grain is allowed an increase of 1/15 in the 
grade values affected by this property, and material 
selected for both rate of growth and density is al- 
lowed an increase of 1/6. Close grain is made a 


Close-grained Douglas Fir Log Fifty-eight Inches in Diam- 
eter, Showing the Narrow Sap Ring Characteristic of 
the Species. 


requirement of the Select Structural grade for Doug: | 


las fir and southern pine. 

When the structural grades of American Lumber 
Standards were developed, a careful study of work- 
ing stresses and commercial grades then in use indi- 
cated that these two grades, Select Structural for 
heavy construction and Common Structural for light 
construction, with the Dense Select Structural grade 
for Douglas fir and southern pine where an especially 
high grade was desired, would fill all practical re- 
quirements. These grades were adopted by the 
American Railway Engineering Association and the 
American Association of State Highway Officials as 
standards. The West Coast Lumbermen’s Associa- 
tion accordingly adopted: grades equivalent to the 
Select: Structural grades, as manufacturers’ standards, 
designating them as “Structural,” and made provi- 
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sion for the Dense Select Structural grades by em- 
bodying the clause for density so that, for the princi- 
pal bridge items, material conforming to the standard 
grades of the above engineering associations can be 
obtained in the commercial grades of Douglas fir. The 
West Coast Lumbermen’s Association is the only 
manufacturers’ association which has done this. These 
grades are found in the Standard Grading and Dress- 
ing Rules of July 1, 1926. 


WEST COAST 
GRADES 


Commercial grades can ordi- 
narily be bought more econom- 
ically, and from more mills, than 
special grades. Where special restrictions are essen- 
tial, they are properly a part of the engineer's speci- 
fications, but due consideration should be given the 
matter before adding special clauses. It frequently 
happens that the increased cost necessary to cover the 
expense of selection is greater than the increase in 
value received. 


The bridge engineer is interested in the West Coast 
grades of: 


Stringers a ee Paragraph 204 
Structural............. Posts, Caps, etc.......Paragraph 198 
{Por AsRihe Sees a ise Paragraph 256 
Stringers aces eS Paragraph 206 
No. 1 Common...4 Posts, Caps, etc.......Paragraph 200 
{Pore Aeilecade Paragraph 255 or 194 


The above paragraph numbers refer to the Stan- 
dard Grading and Dressing Rules of July 1, 1926, 
West Coast Lumbermen’s Association. 

The choice of stringer, post or plank grade depends 
on size of piece and function in the structure. The 
Structural Stringer grade limits defects in size and 
location, and fixes their method of measurement, for 
the stresses of a horizontal load bearing member; 
sizes are 5’’ x 8” and larger. 

The Post and Timber grade limits the defects in 
size, and designates the method for measuring knots, 
with regard to vertical load bearing members, and 
covers sizes 6” x 6” and larger. 


The Joist and Plank grade was developed s0 that 
a piece might be used with the wide face either ver- 
tical or horizontal, as a joist or plank, and the sizes 
are those ordinarily used for plank, 4” and thinner. 

The American Railway Engineering Association's 
recently adopted Structural Grades are coded to sixty- 
eight combinations for various uses and purposes. The 
requirements of all the sixty-eight combinations can 
be met in West Coast Standard Grades and the addi- 
tional provisions of Paragraphs 286-289, 

Sapwood, except with regard to sap stain, is not 
mentioned in the West Coast grades, because they are 
strength grades, and sapwood has equal strength with 
heartwood, when sound. Sapwood is not, therefore, 
limited in the grades, but Paragraph 288 of the 
Grading Rules provides for a heartwood requirement 
when desired. One of the outstanding characteristics 
of the Douglas fir log, however, is the very narrow sap 
ring and the consequently small amount of sapwood 
resultant in timber. As a matter of fact, experience 
seems to indicate that the sapwood of Douglas fir is 
more durable than sapwood is usually found to be, 
and many instances are known where sap corners ex- 
posed in many years’ use are entirely sound. - 


STRUCTURAL The Structural grade for 
Stringers, Paragraph 204, pro- 
vides the type of material usually desired in stringers 
ordered from the West Coast by the railroads. For- 
merly the roads generally bought the Selected Com- 
mon Stringer grade, paragraph 180, Rail 2 Rules, 
dated January 1, 1922. The new rule is more advan- 
tageous to the purchaser, because it limits rate of 
growth more practically than the old rule and defi- 
nitely limits the angle of grain. 

The Structural grade for Posts, Caps, etc., Para- 
graph 198, is less frequently used for these items than 
the corresponding grade for stringers is used. This is 
chiefly because posts and caps are seldom loaded to 
high unit compression stresses and defects having less 
strength reducing effect in posts and columns than in 
beams and stringers, lower grades have sufficient 
strength. 

The Structural grade for Plank, Paragraph 256, is 
desirable when considerable wear is anticipated or 
when, serving as a floor beam in highway bridges, 
the increased strength is wanted. : 

West Coast mills representing a major portion of 
the output of Douglas fir timbers have lately agreed 
to grade mark structural grades—STRUCTURAL 
and DENSE STRUCTURAL. This will be a guar- 
antee that structural grades are ON GRADE and 
meet the requirements of American Lumber Stan- 
dards, American Railway Engineering Association 
standards, and West Coast Lumbermen’s Association 
standards. This is of material value in establishing 
the standing and integrity of the grades. 


NO. 1 COMMON No. 1 Common is suitable 
for ordinary construction, and 
admits larger defects than Structural. It has been the 
practice of most West Coast mills cutting a No. 1 
Common order to ship along with this grade all the 
Structural developed in the cutting, but there is an 
increasing tendency to segregate the grades. This 
will not lower the value of the No. 1 Common grade, 
because working stresses are governed by the strength 
of the lower run of the grade. On the other hand, the 
Structural grade can be used at working values so 
much greater than No. 1 Common that the saving in 
material will usually make the higher grade, more ex- 
pensive in the first cost, really more economical in 
cost in place. 

The No. 1 Common Timber grade, Paragraph 200, 
applying to sizes 6” x 6” and larger, is a post grade, 
admitting larger sized defects than Structural, and is 
suitable for the sills, posts and caps of ordinary con- 
struction. The grade of Paragraph 206 is suitable 
for stringers for use with lower stresses than for the 
Structural grade. 

The No. 1 Common grade for Dimension and 
Plank, Paragraphs 194 or 255, sizes 4” and thinner 
and 4” and wider, is the grade of Douglas fir that 
will ordinarily be used by the bridge engineer for 
planking and bracing. For use where the wear is 
somewhat exacting the specification for “close-grain” 
may be added as a special requirement. 

SPECIAL There is but one special grade in which 
GRADES | the bridge engineer is likely to be inter- 

ested: That calling for dense material. 
The recommended working stresses of the American 
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Douglas Fir Stringer of Dense Structural Grade. The Struc- 
tural Grade has Requirements for the Number of Annual 
~ Rings per Inch; the Dense Structural Grade has Addi- 
tional Requirements for Percentage of Summerwood, the 
Dark Portion of the Annual Ring. Measurement is Made 

- on a Three-inch Line as Noted in the Grading Rules. 


Railway Engineering Association include values for 
Dense Select Structural Material. The standard 
West Coast grade of Structural requires close grain, 
so it only remains for the engineer desiring the dense 
grade to state after Structural “and in addition shall 
be of dense material as defined in Paragraph 287.” 


SPECIAL The bridge engineer may be inter- 
CLAUSES _ ested, when preparing his specifications, 
in the following special requirements: 


Heart Requirement, Paragraph 288; 
Close-grain Requirement, Paragraph 286; 
Density Requirement, Paragraph 287; 
Square Edge Requirement, Paragraph 289; 


Clauses to bring standard West Coast grades, 
other than Structural, into conformity with 
American Lumber Standards. 


vpeye 


The familiar specifications two-thirds heart, eighty 
per cent heart, and eighty-five per cent heart, re- 
stricting the amount of sapwood, are not essential 
specifications for Douglas fir, but for untreated use 
any one of them may be applied to standard West 
Coast grades for the protection of the buyer and 
without causing any noticeable hardship on the Doug- 
las fir mill, but if specified, should definitely state 
whether the measurement is on girth, or on each face. 


The requirement for close grain is incorporated in 


RELATION 


the Structural grade, but it may be applied to No. 1 
Common when the use requirement justifies. Ordi- 
narily it is added when the purchaser desires only the 
“Jongleaf” type of Douglas fir and is willing to pay 
an increased price to have his wishes fulfilled. 


The requirement for density will occasionally be 
added, mostly to the Structural grade. The Dense 
Structural grade is assigned, by the Forest Products 
Laboratory, working stresses one-sixth greater than 
those for material selected for neither close grain nor 
density, in those properties in which density increases 
strength. It may also be assumed to have an approxi- 
mately greater durability. 


Square edged material, when required for bearing 
or appearance, may be obtained by reference to Para- 
graph 289. 


Clauses necessary to bring the grades other than 
Structural into conformity with the Basic Provisions 
for Structural Grades, covered by a circular of the 
West Coast Lumbermen’s Association, seldom need 
form a part of specifications or requisitions. They 
are more of a guide for selection than a matter of 
purchase. Railroads have many places to use lumber 
outside of their bridges. The few pieces in any 
order of No. 1 Common not meeting the require- 
ments for Common Structural of basic provisions can 
usually be placed in less exacting uses and less criti- 
cal parts of structures, unless the order is placed for 
a particular structure in which high structural quality 
in every piece is required, in which case Structural 
grade would probably be ordered. 
STRESS-PROPERTY Defects, properties, sizes, 
_ and locations of use, wheth- 
er continuously dry, occa- 
sionally wet but quickly dried, or more or less con- 
tinuously wet, have different effects, and in some cases 
no effect, on working stresses. “The following tabula- 
tion illustrates this point: 


Governing Conditions of Size of Rate of 


Property Defects Exposure Grade Piece Growth Density 
Extreme Fiber Knots and x x x* x > Se 
in Bending Slope of Grain 
Horizontal Shake and _ x —- — x 
Shear Checks 
Compression Knots and x x — x oe 
Parallel Slope of Grain 
Compression x —_- — x x 
Perpendicular 
Modulus of —- | FO SO 
Elasticity 


x Varies with — Does not vary with * Dry location only 

Thus, the Modulus of Elasticity value is not varied 
with grade, quality of clear wood, location of use or 
size of stick, and Extreme Fiber Stress, controlled 
largely by knots and slope of grain, are affected by 
all these conditions. Horizontal Shear is varied with 
grade and density, but not with rate of growth, con- 
dition of use or size of piece. Compression Parallel 
to Grain is varied with all factors except size of piece, 
and Compression Perpendicular. to Grain with all 
factors except grade and size of piece. 
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RECOMMENDED GRADES FOR BRIDGE ITEMS 


The report of Committee VII., Wooden Bridges & Trestles, submitted at the 1927 A. R. E. A. Con- 
vention, contained a classified list of uses and recommended grades. The bridge items with the nearest corre- 


sponding West Coast grade added are as follows: 


Bridge and Construction 


American Lumber Standards Grades 


W.C.L.A. July 1, 1926, Rules 


Timber Recommended for Use Grade Paragraph 
A. Combination and Howe Truss Spans 

1. Compression Members....Select Str. Posts & Timbers........ Structural 197, 198 

2. Tension Members..........- Select Str. Joist & Plank.............. Structural 253, 256 

3. Diagonals subject to 

reversal of stress......Select Str. Posts & Timbers........ Structural 197, 198 

4. Floor Beams................- §Sel. Str. Beams & Stringers, or.....Structural 203, 204, or 

Ds RRO EEIIO OLED ya. oe. cee aces tices (Dense Sel. Str. Beams & Stringers....Dense Structural 203, 204, 287 
Coe ae IS (eens DORe) SOURS Select Structural Timbers............. Structural 197, 198 

7. Guard Timbers................ Common Structural Timbers......No. 1 Common 197, 200 (1) 
Se Railings.4 

pe perinacas Teacg, COTE No. 1 Common Dimension........... No. 1 Common 192, 194, or 253, 255 (1) 
P0% “oplices 265) 


11. Nailing Strips 
12. Grillage 


Pie eee ete Common Structural Timbers......No. 1 Common 197, 200 (1) 


13> Deck: PAK 2 oe No. 1 Common Dimension........... No. 1 Common 192, 194, or 253, 255 (1) 
14.5 Bridging. ais ee No. 2 Common Board.................. No. 2 Common 185, 188 


B. Pile and Frame Trestles 


1. Sills and Mud Sills.......... Select Structural Timbers 
Ae alphas teat Prat a Select Structural Posts 
ESA Pane est CN Select Structural Timbers 


Posts 


3 
4. Sash Bracing 

5. Cross Bracing 

6. Longitudinal Bracing 
Yes 

8 


--Common Structural Plank........... No. 1 Common 192, 194, or 253, 255 (1) 


Gita a Common Structural Timbers......No. 1 Common 197, 200 (1) 
PbO Planks oc Common Structural Plank.......... No. 1 Common 192, 194, or 253, 255 (1) 
o.* Sirouwers see Str. Stringers, ors. Structural 203, 204, or 
et ea cue eee nla Dense Select Str. Stringers.......... Dense Structural 203, 204, 287 
Qed Messe iro CG Fa) Select Structural Timbers............. Structural 197, 198 
Ld se Guard Timbers... 2. Common Structural Timbers......No. 1 Common 197, 200 (1) 
12. Planking for Ballasted 
Decisis Select Structural Plank.........:....... Structural 253, 256 
Ooo INRIA ae No. 1 Common Dimension........... No. 1 Common 192, 194, or 253, 255 
C. Falsework 
Sills and Mud Sills.......... Common Structural Timbers 
Paste fee ore ea Common Structural Posts }...... No. 1 Common 197, 200 (1) 
Capimiits Sine Common Structural Timbers 
Stringers. 02) ae Select Structural Stringers........... Structural 203, 204 
Truss Timbers 


Centering 2s 


Bracing 
Wedges ........... 
10. Scaffolding 


OS wt Sei ee 


..-Common Structural Timbers......No. 1 Common 197, 200 (1) 

.-No. 1 Common Dimension)........ 

oc ee ears No. 1 Common Dimenciont "No. 1 Common 192, 194, or 253, 255 

susie ios talpesacad aid Common Structural Plank..........No. 1 Common 192, 194, or 253, 255 (1) 
.-.No. 1 Common Dimension........... No. 1 Common 192, 194, or 253, 255 

No. 2 Common Dimension........... No. 2 Common 192, 195 


( 1) When angle of grain is not greater than 1 in 10. 


GRADE VALUE The economy of the Struc- 
tural grade is an important 
point, but one which is given comparatively little 
attention in timber bridge engineering. A high grade 
is often specified without weighing comparative costs, 
and purchasing departments occasionally buy a low 
grade because of the low initial cost. Grade and cost 
can be so analyzed as to permit the use of the most 
economical grade. 


Each grade has a certain value or worth. The use 
of all grades with equal economy requires that the 
increases in value and cost over a base be equal. A 
greater increase in cost of a higher grade over a lower 
than the corresponding use value increase means that 
the higher grade at that cost is uneconomical; if the 
higher grade can be secured at a less price increase 
than the corresponding use value increase, the oppo- 
site is true and the use of the better grade means a 
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Highest Timber Trestle Bridge in the World Built of Durable Douglas Fir of Structural Grade 


saving. Walue and cost may thus be weighed against 
each other and the balance may be used to define the 
limit to which the engineer is justified in going to the 
use of a higher grade. For true economy, lowest an- 
nual cost is the goal of the engineer. 


The principal factors which determine the value 
are: 
1. Strength 
2: Life 


Sometimes the engineer can only take advantage of 
the increase in strength. This is particularly true in 
buying material to be treated against decay. Occa- 
sionally the same sizes are used irrespective of strength, 
but the greater length of life of the more durable 
grades can be considered. Advantage can often be 
taken of both these factors. 


The factors comprising cost in place are: 
1. Cost of material 
2. Cost of transportation 
3. Cost of labor for installation 


The grade-strength relationship gives the founda- 
tion for the consideration of strength value. This is: 


Grade Allowable Stress Per Cent 
in Bending Increase 

No. 1 Common............ 1200: Ibs, 6: in.a:. Base 
Structural Fee frre) 1010) 05116 <fegl- 1c pa fe Weegee 33.33 
Dense Structural MSO siege day tse: 45.83 


The grade-durability relationship can be estimated 
similarly from the relative values given in Technical 
Note 173 of the United States Forest Products Lab- 
oratory. Values are given for “mill run” and for 
“dense” Douglas fir. No. 1 Common has neither a 
rate of growth nor a density requirement, so the value 
given in Technical Note 173 for mill run, 75-85 per 
cent of the durability of white oak, would apply. 
Structural grade, which has a rate of growth require- 
ment, can be assumed to be more durable than No. 1 
Common, but the value for this property is not given. 
The value given for dense material is 75-100 per cent, 
so Dense Structural would have an average value 
somewhere within these limits. 


Within these limits it is reasonable to assume the 
same increases in durability for material selected for 
close grain and for density as are assigned for strength 
to material so selected—1/15 for close grain and 1/6 
for density. Tabulating again, for durability, we 
have: 


Grade Increase 
Per Cent 

INOUE Om mMOn eis 0 poe eave ns aca Gees Base 
os Tea | Cope ova Sen a ane ee a eae ES Me ot 6.67 
| BY Se Heo by (crak gl eae eeMre ey euro tas Pere, Mia mae eaaes 16.67 


When both increase in strength and increase in 
durability can be given consideration, these per cent 
increases will be cumulative, and can be tabulated as 
follows: 
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Per Cent Increase 


Strength and 
Grade Strength Durability Durability 
No. 1 Common.......... Base Base Base 
Siructurals css 33.33 6.67 40.00 


Dense Structural ........ 45.83 16.67 62.50 

In other words, Structural grade can be used at 
a working value in bending one-third greater than 
No. 1 Common, and Dense Structural nearly half 
again as much as No. 1 Common. Structural can 
be depended on to-have 1/15 greater durability than 
No. 1 Common, and Dense Structural, 1/6 greater. 
Where strength and durability both are factors, Struc- 
tural grade is worth 40 per cent more than No. 1 
Common, and Dense Structural, 62.5 per cent more. 

And any prices paid for these grades within the 
above limits will mean that the higher grade is more 
economical to use than the lower. But cost in place 
means mill cost, plus transportation, plus labor. The 
cost of transportation is no greater per thousand feet 
for the higher grade than for the lower, nor is the cost 
of labor. If stronger material is used, a less quantity is 
required; if more durable material is used, it will have 
to be replaced less frequently. The additional use- 
value, based on the cost in place, can be added, there- 
fore, to the mill price, as that is the only factor af- 
fected by grade and a surprising premium can be paid 


the mill for Structural or Dense Structural with re-_ 


sultant economy, still, to the buyer. 


Labor of placing wall range from $15 to.$20 per é 


thousand, under ordinary conditions; to $30 to $40 
when work must be done, or replacements made, at 


night;.and $20 to $25 may be-takenm as_an average 
cost. Freight will range from $15 per thousand by 


water to the Atlantic Coast, to $25. per thousand by 
rail to Chicago, averaging $20. Application of the 
above values to quotations on various grades, plus 
freight, plus labor, will show that’ premiums of $15 
to $25 for Structural, and $25 to $40 for Dense 
Structural, would cost the buyer no more than the 
use of No. 1 Common, and any premium within these 
limits would result in economy to him. 


SPECIFICATIONS The current rules of the 
West Coast Lumbermen’s 
Association provide means for securing all the struc- 
tural grades of the American Lumber Standards, 
adopted by both the American Railway Engineering 
Association and the American Association of State 
Highway Officials. The structural grades are each 
further subdivided into three use grades, i. e., (1) 
Joist and Plank; (2) Beams and Stringers; and (3) 
Posts and Timbers, so specifications should be definite 
to eliminate confusion. Bureau member mills are glad 
on their part to co-operate, to assure the purchaser of 
getting the grade ordered and hence the policy of 
grade marking. The following suggestions are made 
for specifications and orders: 

(1) That Dense Structural and Structural grade be 
specified and ordered by both name and para- 
graph number of the July 1, 1926, Rules of the 
West Coast Lumbermen’s Association and refer- 
ence made to these rules. (See Table of Recom- 
mended Grades for Bridge Items, page 3.) 

(2) That material of the above grades be specified 
and ordered grade marked Structural or Dense 
Structural. 


Available Sizes 


One of the outstanding features of West Coast 
lumber production is the great size of timbers which 
can be produced, and the long lengths. Moreover, 
the supply of timber available for cutting into large 
sticks is ample. Here it is not necessary to scour the 
woods to find a tree capable of being cut into a 
great stick. Trees which will yield immense timbers 


- are freely available, and trees which will produce what 


are considered large timbers, or long timbers, are 
typical of the stand—the rule and not the exception. 
Hence the bridge engineer need not limit his require- 


Douglas Fir Forests Will Supply Timbers of 
Mammoth Size. 


ments in bridge design to sizes customarily produced 
in less favored regions. 


Mill prices ordinarily start with prices based on 
timbers from 6x10 to 12x12 and increase for greater 
sizes, but do so in increments which are small com- 
pared to those of other regions. Western roads, long 
acquainted with the possibilities of Douglas fir, fre- 
quently use 9x18 and 10x20 stringers, thereby making 
longer spans possible. - 
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Similarly, in lengths, price increases are less than 
customary in other species. Logs are usually sent to 
the mill in lengths of thirty-two or forty feet. Prices, 
then, increase moderately for timbers over forty feet 
in length. Under this length there are slight increases 
over lengths twenty-four feet for timbers from twenty- 
six to thirty-two feet and for those from thirty-four 
to forty feet in length. 


Illustrating available sizes of timbers from the West 
Coast and that size, at least, need not be the limiting 
consideration of the bridge engineer, is the example of 
some railroad shops built recently near Los Angeles 
where the columns were 20” x 24’, 60 feet long. The 
new Welland Canal went even further and used 
great Douglas fir sticks 36” x 36’, 50 feet long. 


Notes on Life of Structures 


Douglas fir has long been used for bridge struc- 
tures on the Pacific Coast and in the Northwest, and 
a long life has been secured from the timbers, although 
earlier than ten years ago they were purchased with- 
out specific requirements with regard to durability. 


Definite records of bridge structures as a whole are 
not available. The Chicago, Milwaukee and St. Paul 
has kept a record of the life of untreated Douglas fir 
bridge ties. An average life of 15 years was reported 
for sections in Wisconsin, and averages decreasing in 
amount as southern extremities of St. Louis and 
Kansas City are reached. Their records all apply to 
material purchased before recognition of durability 
factors so that considerably greater minima and some- 
what greater averages could be expected for either 
“close-grained” or “dense” Douglas fir, that is, the 
Douglas fir equivalent to the “longleaf” type of south- 
ern pine. 

The Duluth, Missabe and Northern Railroad built 
an ore dock of untreated Douglas fir—the timber in- 
cluding all the Douglas fir types. The structure was 
dismantled after 15 years of service in an unprotected 
location over Lake Superior. Over half the material 
was salvaged to be used again. 

The Chicago & Northwestern used Douglas fir, 
untreated, in a coal dock and trestle exposed to the 
weather, located near Chicago. It was found upon 
dismantling after twenty years’ service that the ma- 
terial could be used in critical parts of new structures. 


Douglas fir has not been used interchangeably with 
other species and under comparable conditions for a 
long enough time to give a basis for absolute com- 
parison. Coarse-grained Douglas fir has been used 
for bridges in warm, humid climates and naturally 
some percentage of the material of this type has not 
been as durable as the close-grained, or “longleaf” 
type of yellow pine. There is no doubt that if the 
Douglas fir had been of equivalent type, i. e., of 
“close-grain,” such as is required in the STRUC- 
TURAL grades, the results would have been entirely 
favorable. We know that the Douglas fir using roads 
running into St. Louis secure the same length of life 
for stringers and bridge ties of Douglas fir as is given 
us as the length of life of these items by the roads 
using the comparable, close-grained type of other 
species in the same territory. 


The authoritative information on record is in accord 
with the field experience. The published information 
of the Forest Products Laboratory, Technical Note 
173, and a table given in “Timber—Its Strength, 
Seasoning and Grading,” by H. S. Betts, of the U. S. 
Forest Service, place cedar, redwood and cypress in 
a group of species having the greatest durability, 
Douglas fir and longleaf pine in the next ranking 
group, and spruce, hemlock and other pines in a 
group of lower durability. The members of each 
group have about equal rating and there is some 
variance between the different sticks of the same 
species. The best information available is that there 
is practically no difference between the averages of 
Douglas fir and longleaf pine. The very dense pieces 
of either species will show considerably greater life 
than the light weight porous ones and pieces of equiv- 
alent character in the two species will have equal 
durability under comparable conditions. 


Douglas Fir and Preservative Treatment 


GENERAL Wood preserving processes 
INFORMATION were first developed for the use 
of eastern and southern species. 
Applying the same methods to Douglas fir did not 
produce entirely satisfactory results, as Douglas fir 
must be treated almost entirely in heartwood, while 
treatment in other species is principally of sapwood. 
Progress and experience have, however, developed 
treating processes so that entirely satisfactory results 
are obtained today in treating Douglas fir. 

Treated bridge material is ordinarily given a pres- 
sure treatment of Grade 1 creosote or occasionally a 
mixture of 20 per cent tar and 80 per cent creosote. 
Douglas fir may be given either treatment with entire 
success. Seasoned material offers little difficulty. 
Green material requires seasoning and the best equip- 
ment for that purpose is means by which the lumber 
may be seasoned in oil boiled under a vacuum. 

A number of railroads using Douglas fir exclusively 
buy their bridge material a year in advance of treating 
in order that it may season. In general, lower pres- 
sures and temperature and longer time is required 
for Douglas fir than for other species, because the 
treatment must be largely in heartwood. 

The creosoting companies of the Pacific Northwest 
have had much experience in treating Douglas fir, and 
have published specifications by following which 
Douglas fir may be satisfactorily treated with little or 
no loss in strength. 


STRENGTH OF 
TREATED 
DOUGLAS FIR 


The old practice of steaming, 
the use of high pressures and the 
use of too high temperatures re- 
sulted in timbers of lower 
strength than that of untreated timber. 

Authoritative tests on the strength of Douglas fir 
treated by the methods of today show little loss in 
strength. 


ALLOWABLE 


The stresses used when designing 
STRESSES 


for the use of treated Douglas fir 
may be the same as those for un- 
treated Douglas fir under the same conditions. Treated 
lumber, however, is not subject to such rapid fluctua- . 
tions of moisture content, and deteriorates far more 
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slowly than untreated, and complete tests on ma- 
terial treated under present processes will undoubted- 
ly justify higher working stresses. Surface incisions 
have been found to make the treatment of Douglas 
fir very uniform in both distribution and depth of 
penetration, and are recommended when the equip- 
ment is available. 

Sapwood is easier to treat than heartwood, so in 
timber to be treated no limitation is placed on sap- 
wood. In Douglas fir, however, the amount of sap- 
wood is so small that most of the treatment must still 
be in heartwood. In other species, material for treat- 
ment will have a large proportion of sapwood—but a 
large amount of sapwood is produced by rapid growth, 
and with fast growth usually go coarse grain, light 
weight, large knots and lower strength. In Douglas 
fir, material which is treated is of practically the same 
grade as material used untreated, and so will tend to 
be of higher grade than treated timber having a large 
proportion of sapwood. 


Working Stresses for Standard Grades 
of Douglas Fir 


The working stresses used in timber design have 
been, until a comparatively recent date, more or less 
a matter of practices which, like Topsy, “just growed” 
without any very certain parentage. They had as 
a foundation tests made on a limited number of 
pieces in which many of the factors, now known to 
affect the strength, were not noted. These early tests 
were usually made on small clear specimens or on a 
handful of pieces of small structural sizes, which 
were practically free from all defects, because timbers 
in the market at that time were of that quality, the 
price of clear lumber not having reached a point pro- 
hibitive for structural purposes. These tests yielded 
little information on the effect of defects. Blanket 
stresses were assigned to species without thought of 
grade and many of the handbooks in use today still 
- contain recommendations based on the early and in- 
complete tests. 

Engineers either accepted these recommendations 
or applied factors of safety to the average modulus 
of rupture values of a few pieces. Sectionally, certain 
stresses became general practice and those for Douglas 
fir adopted by engineers or permitted by building 
codes on the Pacific Coast were quite as high pro- 
portionately as those used elsewhere for other species. 
Failures in timber structures were uncommon in any 
region, but since these pioneering days great advances 
have been made in the knowledge of timber technol- 
ogy through the work of the United States Forest 
Products Laboratory at Madison, Wisconsin. Over 
a half million strength tests have been made by this 
agency. The test pieces run the entire range of size, 
grades and quality. The effect of defects lowering 
strength and of properties increasing strength values 
is no longer guesswork and even ultimate loads can 
be predicted: within limits of reasonable error. The 
resulting recommendations of the Laboratory for 
structural grades and recommended working stresses 
are the result of comprehensive consideration of all 
the factors and data involved and not cursory deduc- 
tions made from average values of a small portion of 


the total tests, neglecting many of the strength fac- 
tors, as has often been the case in the past. 


Today, the engineer can design his timber struc- 
tures on stresses based on average species values re- 
gardless of grade, or on commercial grades which 
cover structural requirements only in part, neither 
of which he does in design in any other material, or 
he can take advantage of the great mass of informa- 
tion developed at Madison and follow the recommen- 
dations of the Forest Products Laboratory with 
assurance both of logical stresses for particular grades 
and of limitation on minimum values. Moreover, he 
can determine the strength of a timber by visual in- 
spection within closer limits than can be done in any 
other structural material. 


The bridge engineer has given this subject close at- 
tention. The American Railway Engineering Asso- 
ciation Manuals have reflected the latest developments, 
from time to time, in timber technology. The present 
day finds the American Railway Engineering Asso- 
ciation, the American Society for Testing Materials, 
the American Association of State Highway Officials, 
and the Building Code Committee of the United 
States Department of Commerce working harmon- 
iously with the progressive movement of American 
Lumber Standards, all of these officially adopting the 
recommendations for structural grades and _ stresses 
of the United States Forest Service. The West Coast 
Lumbermen’s Association has also adopted the Select 
Structural grades, designating them as “Structural,” 
and made provision: for placing orders for the Dense 
Select Structural grades by including in the rules the 
paragraph on density. 


No. 1 Common grades are based on general utility 
and appearance as well as on strength properties. 
They contain some provisions not required in strictly 
Structural grades, and do not fully conform to others, 
necessary of consideration when working stresses are 
to be assigned. 


The greater part of material graded on No. 1 Com- 
mon grades of West Coast Standard Grading Rules 
would, however, meet the requirements of the Com- 
mon Structural grades of American Lumber Standards 
for Joist and Plank. 


It is more difficult to compare Timber grades with 
Beam and Stringer grades on account of the difference 
in the method of measuring knots. The majority of 
No. 1 Common Timbers would, however, meet the 
requirements of the Common Beam and Stringer 
grade of American Lumber Standards, although 


beams and stringers would ordinarily be required in 


a grade permitting higher working stresses. 


West Coast No. 1 Common Timbers have prac- 
tically the same knot limitations as the Select Post 
and Timber grade of American Lumber Standards, 
and with limitation on angle of grain and shake could 
be used at only slightly lower working stresses, the 
Select grade of American Lumber Standards requiring 
close grain. 


The following table gives the authoritative work- 
ing stresses for these grades of Douglas fir: 
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ca AONFES sxe: 


postenre- 


Working Stresses for Structural Grades of Douglas Fir 
Based on Recommendations of Forest Products Laboratory, U. S. Forest Service 


Paragraph Numbers Refer to Standard Grading Rules West Coast Lumbermen’s Association, July 1, 1926 
Conforming to Basic Provisions for “Select” Structural Grades American Lumber Standards 


Extreme Maximum Compression Modulus of 


Use and Paragraph Condition of Exposure Fiber Shear Across Grain Elasticity 
Pounds per Square Inch 
Joist and Plank. tif Sead Continuously Dry.........20.......... 1600 90 350 ‘1,600,000 
Paragraph 256 Occasionally Wet........0..22002.--- 1250 90 240 1,600,000 
Weuallys Weten ss sia 950 90 215 1,600,000 
: Continuously Dry... 1600 90 350 1,600,000 
. a ceca ~ Occasionally Wet.....0cecccec------ 1400 90 240 1,600,000 
grap ieaadly Wet ogc 1100 90 215 1,600,000 
Compression 
Along Grain 
: Continuously Dryioic ok es ee 1200 350 1,600,000 
P eaters : — swore Occasionally Wet... c2oc!escicsesicsce nesses 1100 240 1,600,000 
grap. een Wee ee eS 900 215 1,600,000 


In material graded for Density (Paragraph 287) in addition to the Close Grain required in the structural 
grades, stresses 10 per cent greater than those given in the table for Structural Grades may be used in Extreme 
Fiber and Compression Across Grain and 15 per cent greater in Maximum Shear. 


Working Stresses for No. 1 Common Grades 


Extreme Maximum Compression Modulus of 


Use and Paragraph Condition of Exposure Fiber Shear Across Grain Elasticity 
Pounds per Square Inch 
Joist and Plank Continuously Dry...........02.0........ 1200 72 325 1,600,000 
Paragraph 194 (1) Occasionally Wet.......02.222.-2-. 1000 72 225 1,600,000 
Paragraph 255 (1) Usually Wet 3a: 750 72 200 1,600,000 
: Continuously Dry............000...... 1200 72 325 1,600,000 
. ete Sey. ees Wet ete 1050 72 225 1,600,000 
Strap lUmally Wei 800 72 200 1,600,000 
Compression 
Along Grain 
; Continuously Dry) ars sete ee es 1000 325 1,600,000 
—— engie ——- Occasionally Wetec 900 225 1,600,000 
pn: th Liialiy WG. te ce 750 200 1,600,000 


NOTE: (1) When angle of grain is not greater than 1 in 10. 
(2) When knots on narrow faces, measured between lines parallel to the edges, do not exceed: 
205. on ares) face: 
234%” ona 6” face, 
23%4” ona 8” face, 
314” on a 10” face, 
334” on a 12” face. 


(3) Sizes of knots allowed in Paragraph 200 permit higher working stresses than in the Common 
Post and Timber grade of American Lumber Standards. 


Sizes of knots permitted in Paragraph 206 are measured on the average diameter. Knots permitted, how- 
ever, are such that, measured between lines parallel to the edges, they would seldom exceed the above sizes. 
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